Abstract-This paper analyzes the information delivery delay for the purpose of roadside unit (RSU) deployment in a vehicular ad hoc network (VANET) with intermittent connectivity. A mathematical model is developed to describe the relationship between the average delay for delivering road condition information and the deployment distance between two neighbor RSUs. The derived mathematical model considers a sparse highway scenario where two neighbor RSUs are deployed at a distance without a direct connection, and vehicles are sparsely distributed on the road with road condition information randomly generated between the two neighbor RSUs. Moreover, the model takes into account the vehicle speed, the vehicle density, the likelihood of an incident, and the deployment distance between two neighbor RSUs. The correctness and accuracy of the derived mathematical model is verified, and the impacts of different parameters on the average information delivery delay are investigated through simulation results. Given an information delivery delay constraint for time-critical applications, this model can be used to estimate the maximum deployment distance allowed between two neighbor RSUs, which can provide a reference for the deployment of RSUs in such scenarios.
I. INTRODUCTION
V EHICULAR ad hoc networks (VANETs) promise a variety of potential applications in providing road safety and in-vehicle entertainment services. One of the most important VANET applications is to collect road condition information via vehicles and disseminate the collected information to all vehicles in the network to help avoid traffic jams, reduce car accidents, and save fuel consumption [1] - [4] . Due to its highly dynamic characteristic, a VANET is often of intermittent connectivity, which would increase the delay for disseminating collected road condition information and thus affect the quality of service provisioned to users [5] - [8] . To address this problem, roadside units (RSUs) can be deployed in a VANET to improve the network connectivity and to help disseminate road condition information [9] - [18] . In [16] and [17] , the benefits that the deployment of RSUs brings to the network in terms of the rehealing time were investigated, and the investigation showed that the rehealing time is significantly reduced in the presence of RSUs, particularly for the case of connected RSUs. However, deploying RSUs is costly. It is impractical to deploy RSUs in a dense scale, particularly in remote areas. In those remote areas, RSUs are usually deployed in a disconnected manner. This means that two neighbor RSUs can be deployed along a road without any direct connection, which would increase the delay for disseminating road condition information collected outside the coverage of an RSU. For many road safety applications, however, road condition information is time critical.
It is important to deliver such time-critical information to an RSU within a delay constraint so that the RSU can help timely disseminate the information to the vehicles passing through it. To achieve this, two neighbor RSUs should not be deployed at a reasonable distance. To help determine the deployment distance between two neighbor RSUs, it is interesting and helpful to find out and analyze the relationship between the information delivery delay and the deployment distance between two neighbor RSUs, which is the motivation for this paper.
In this paper, we analyze the information delivery delay for the purpose of RSU deployment in a VANET with intermittent connectivity. Unlike [16] and [17] that focus on investigating the benefits that the deployment of RSUs brings to the network in information dissemination in a two-way highway scenario, this paper focuses on investigating the impact of the deployment distance between two neighbor RSUs on the information delivery delay in a sparse highway scenario where road condition information is randomly generated on a bidirectional road segment between two disconnected neighbor RSUs. The objective is to develop a mathematical model to describe the relationship between the average information delivery delay for delivering a road condition message and the deployment distance between two neighbor RSUs, which can be used to provide a reference deployment distance for the deployment of RSUs under a given information delivery delay constraint for time-critical applications.
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The novelty and major contributions of this paper are summarized as follows. 1) Study the average information delivery delay for a road condition message to be delivered to two disconnected neighbor RSUs in a sparse highway scenario where a road incident randomly occurs on a bidirectional road segment between two disconnected neighbor RSUs. 2) Derive a mathematical model that characterizes the relationship between the average information delivery delay for a road incident message to be delivered to both neighbor RSUs and the deployment distance between the two neighbor RSUs. The mathematical model takes into account the vehicle speed, the vehicle density, the likelihood of an incident, and the deployment distance between two neighbor RSUs. The correctness and accuracy of the mathematical model is verified, and the impacts of different parameters on the average information delivery delay are investigated through simulation results.
3) The derived mathematical model can be used to estimate the maximum deployment distance allowed between two neighbor RSUs under a given delay constraint for timecritical applications, which can provide a reference for the RSU deployment in such scenarios.
The remainder of this paper is organized as follows. Section II reviews related work in the literature. Section III derives the mathematical model and analyzes the information delivery delay. Section IV presents simulation results to verify the effectiveness of the mathematical model. Section V concludes this paper.
II. RELATED WORK
Delay analysis for sparse highway scenarios in a VANET has been studied in the literature [5] - [17] . In [5] , a model for analyzing the packet delivery delay between disconnected vehicles was proposed. In [6] , an analytical model was established to investigate the probability that a hazardous message is received by newly entered vehicles under different traffic conditions in a sparse linear VANET. In [7] , the impact of two specific vehicular network parameters on the communication delays in the sparse highway scenario was studied. In [8] , the accurate distribution of the information rehealing delay in a sparse bidirectional highway scenario was analyzed based on [5] . However, in [5] - [8] , only the information delivery delay in an infrastructureless sparse highway scenario without RSUs was considered. In [9] - [12] , several information release mechanisms were proposed to achieve a delay-minimal information delivery in the context of an intermittent roadside network. However, all of them considered how to send the information to passing vehicles, rather than send the information to RSUs by passing vehicles. In [13] , the multihop packet delivery delay in a low-density network scenario was studied, where an end-toend path is not available between a vehicle and the nearest RSU, in order to obtain the maximum distance between RSUs that stochastically limits the worst-case packet delivery delay to a certain bound. However, this paper only considers the scenario where vehicles move in one direction and does not consider packet transmission via vehicles moving on the reverse direction. In [14] and [15] , a mathematical model was presented to calculate the message delivery delay distribution on a two-way road, where vehicles in one direction can carry messages for the vehicles in the other direction and have the freedom to leave the road from randomly distributed road junctions with a certain probability. However, a scenario where RSUs are connected through fiber or broadband wireless links was considered. Based on [5] , a mathematical model was developed to analyze the rehealing time in [16] and [17] , which is the time required to deliver information between a couple of source and destination nodes in a two-way highway scenario in the presence of RSUs as relays, both connected and disconnected. The results show that the rehealing time is significantly reduced in the presence of RSUs, particularly for the case of connected RSUs.
III. MODELING AND ANALYSIS OF DELIVERY DELAY
Here, we derive a mathematical model to describe the relationship between the information delivery delay and the deployment distance between two neighbor RSUs.
A. Network Scenario and Problem Description
We consider a straight road segment between two neighbor RSUs on a sparse highway with two lanes in opposite directions, and low connectivity and traffic load, as shown in Fig. 1 . The distance between RSU1 and RSU2 is denoted by d. The communication radius of each RSU is denoted by R u . The communication radius of each vehicle is denoted by R v . We assume that R u ≥ R v . The two neighbor RSUs are deployed without any direct connection, i.e., d > R u . The intervehicle spacing of westbound vehicles and eastbound vehicles are exponentially distributed with λ e and λ w [5] , respectively, where λ e and λ w are the average arrival rates of the westbound vehicles and eastbound vehicles, respectively. We assume that the speeds of all vehicles moving in one direction are random and follow a truncated normal distribution [11] , and the average speeds of the eastbound and westbound vehicles are denoted by v e and v w , respectively. The vehicles that move in the same direction and can communicate with one another in one hop or multiple hops form a cluster, as shown in Fig. 2 , and a cluster can contain only one vehicle, which is called single-vehicle cluster. An incident occurs randomly at a location with a distance x from RSU1, i.e., x ∈ [0, d]. Once an incident occurs, the closest vehicle to the occurring location of the incident will first arrive at the location and collect the incident information. This vehicle is referred to as a source node, which will deliver the collected information to the two neighbor RSUs directly or indirectly via other vehicles. A vehicle that can forward the collected information to an RSU is referred to as a forwarding node. Moreover, we assume that an RSU only has the ability of receiving and forwarding information and does not have the ability of detecting or sensing information. We define the average information delivery delay as the average time from the instant when an incident occurs to the instant when both the RSUs have received the incident information. Since this delay depends on the distance between the two neighbor RSUs, it is interesting to find out the relationship between the distance and the delay, which would be helpful to RSU deployment to meet the delay constraint of an application. Therefore, the problem considered in this paper is to develop a mathematical model that describes the average information delivery delay and the distance between two neighbor RSUs deployed along a straight highway.
B. Modeling and Analysis of Delivery Delay
Considering the basic network scenario shown in Fig. 1 , the average information delivery delay can be expressed as
where T is the average delivery delay, T 0 is the average time it takes for the closest vehicle to the occurring location of an incident (i.e., the source node) to arrive at the occurring location of the incident, and T S is the average time it takes for the source node to deliver the collected information from the occurring location of an incident to both neighbor RSUs. Since we are considering a sparse highway scenario, both the traffic load and the network connectivity are low. In this case, the incident information will be delivered from the source node to the destination node via one or multiple vehicles in a "store-carry-forward" manner, and the delivery delay is typically on the order of seconds or even minutes [5] . For this reason, if a forwarding node or the destination node of the collected incident information is within the transmission radius of the source node or another forwarding node, the delay caused by direct transmission between the two nodes would be much smaller than the delivery delay caused by "store-carry-forward". On the other hand, the probability that contention occurs at the medium-access-control (MAC) layer would be very small in a sparse scenario. The delay caused by contention would be much smaller than the delay incurred by "store-carry-forward" as well. Therefore, we will mainly consider the information delivery delay caused by "store-carry-forward" and ignore the direct transmission delay between two nodes and the delay caused by contention at the MAC layer in the analysis of T . Let f (x) denote the probability density function of the distance x. The probability density function f (x) of the distance x can be any form, and the expectation of x can be calculated as follows: Without loss of generality, we assume that, when an incident occurs, an eastbound vehicle is the closest to the occurring location of the incident and will first arrive at the occurring location of the incident. This vehicle is called source node hereafter. The notations used in the analysis are defined in Table I . Next, we analyze T 0 and T S , respectively. Assume that the probability of Case a is p a . Let X denote the event that an incident occurs at location x and let A denote the event that there is a vehicle on the road segment [0, x]. Under the condition that an incident occurs at location x, the conditional probability that there exists a vehicle on the road segment [0, x] is denoted by Pr{A|X : x}. Since we assumed that the intervehicle spacing is exponentially distributed, the arrival process of the vehicles that enter the road segment is a Poisson process and the number of vehicles that enter the road segment follows a Poisson distribution. According to the independent incremental feature of a Poisson process, we can easily calculate the probability that event A occurs under the condition that event X occurs, i.e.,
where A is the event that there is no vehicle on the road segment [0, x], which is the complementary event of event A. According to the full probability formula, p a can be written as follows:
Similar to [18] , the average time it takes for the closest eastbound vehicle to arrive at the occurring location of the incident can be easily calculated as
In Case b, there is no eastbound vehicle in interval [0, x]. The probability that Case b occurs is
Thus, we need to first calculate the average time it takes for the closest eastbound vehicle to arrive at the left endpoint of interval [0, d] . According to the property of an exponential distribution, the average time that it takes for the closest eastbound vehicle to arrive at the left endpoint of interval
Then, the average time it takes for the closest eastbound vehicle to arrive at the occurring location x of the incident from the left endpoint of interval [0, d] can be calculated as
Therefore, T 0 can be calculated as
2) Analysis of T S : As explained earlier, T S is the average time for the collected information to be delivered from the occurring location of an incident to an RSU. Obviously, T S depends on the distance between the two neighbor RSUs. When a source node has collected the incident information, it will deliver the collected information to both RSU1 and RSU2. Since it takes different time for the source node to deliver the information to RSU1 and RSU2, respectively, we take the longer one in calculating T S because only after T S that both RSU1 and RSU2 can receive the information. Therefore, we have where T RSU1 and T RSU2 represents the delay for the collected information to be delivered from the occurring location of the incident to RSU1 and RSU2, respectively. Next we analyze the average information delivery delay T in the following three cases.
• Case 1: The incident occurs at a location where
The incident occurs at a location where
In Case 1, the incident occurs within the communication radius of RSU1. After the source node collects the incident information, it can transmit the information to RSU1 directly. Thus, the time it takes for the source node to directly forward the incident information to RSU1 can be ignored. Let f 1 (x) denote the conditional probability density function of the distance x in [0, R v ]. Let T S1 denote the average time it takes for the source node to deliver the collected information from the occurring location of the incident to RSU2. Next, we analyze T S1 .
Like [5] , we assume that the source node is statistically located in the center of its cluster. As we assumed that the source node is an eastbound vehicle, the forwarding direction of the incident information to RSU2 is the same as the moving direction of the source node. Since the direct transmission delay can be ignored, the incident information can be delivered to the first vehicle in the cluster without any delay. In this case, the first vehicle becomes a forwarding node, which is denoted by node 1, as shown in Fig. 3 . If node 1 is in the communication radius of RSU2, the information can be transmitted to RSU2 directly. Thus, we only need to consider the case where node 1 is out of the communication radius of RSU2. This case happens if the length of the eastbound cluster satisfies the following condition:
and the probability that this case happens is given by
According to [5] , the average distance between two vehicles in an eastbound cluster can be calculated as
and the probability mass function (PMF) of the number of the eastbound vehicles, which is denoted by n e , is 
where
We can obtain
Further, this case can be divided into the following two subcases.
• Case 1.0: There are one or more westbound vehicles in the coverage of node 1.
• Case 1.1: There is no westbound vehicle in the coverage of node 1.
Case 1.0: Case 1.0 happens when there is at least one westbound vehicle within the communication radius of node 1. Let p 10 denote the probability that Case 1.0 happens. Thus, we have
In this case, if the last vehicle of the westbound cluster is within the communication radius of RSU2, the information can be transmitted to RSU2 directly, and the direct transmission delay can be ignored. However, if the last vehicle of the westbound cluster is out of the communication radius of RSU2, i.e., the length of the westbound cluster satisfies the following condition:
The information will be forwarded to RSU2 by node 1. The probability of this case is given by According to [5] , the average distance between two vehicles in a westbound cluster can be calculated as
and the PMF of n w is
Obviously, given E[d
and n w , we can obtain
. Therefore, the delivery delay can be calculated as
Case 1.1: Case 1.1 happens when there is no westbound vehicle within the communication radius of node 3. The probability that Case 1.1 happens can be calculated as
In this case, the information will be forwarded to RSU2 by node 1. Thus, the delivery delay T 11 equals T 100 .
Considering all the given cases, we have
Let T S2 denote the average time it takes for the source node to deliver the collected information from the occurring location of the incident to both of the neighboring RSUs. Since it takes a different time to deliver the information to RSU1 and RSU2, we need to calculate T RSU1 and T RSU2 , and take the longer one in calculating T S2 .
Next, we first analyze T RSU1 and T RSU2 , respectively. 1) Analysis of T RSU1 : Similar to [5] , we assume that the source node is statistically located in the center of its cluster, as shown in Fig. 4 . As we assumed that the source node is an eastbound vehicle, the delivery direction of the incident information to RSU1 is opposite to the moving direction of the source node. Since the direct transmission delay is ignored, the incident information can be delivered to the last vehicle in the cluster without any delay. In this case, this vehicle becomes a forwarding node, which is denoted by node 2 in Fig. 4 . If node 2 is within the communication radius of RSU1, the information can be directly transmitted to RSU1. Since the direct transmission delay can be ignored, we only need to analyze the case where node 2 is out of the communication radius of RSU1. In this case, the forwarding node can take advantage of the westbound vehicles to forward the information to RSU1.
This case happens if the length of the eastbound cluster satisfies the following condition:
Similar to (14), we can obtain
. Let E 2 denote the conditional expectation of l e /2 under condition l e /2 − R v < x − R u . We can obtain
Further, we divide this case into two subcases.
• Case 2.0: There are one or more westbound vehicles within the coverage of node 2. • Case 2.1: There is no westbound vehicle in the coverage of node 2.
Case 2.0: Case 2.0 happens when there is at least one westbound vehicle within the communication radius of node 2. Let p 20 denote the probability that Case 2.0 happens. Thus, we have
In this case, the first vehicle of the corresponding westbound cluster becomes a forwarding node, which is denoted by node 3, as shown in Fig. 5 . If node 3 is within the communication radius of RSU1, the information can be directly transmitted to RSU1, and the direct transmission delay can be ignored. Thus, we only need to analyze that the case where node 3 is out of the communication radius of RSU1, i.e., the length of the westbound cluster satisfies the following condition: In this case, node 3 will store and carry the information until it enters the communication radius of RSU1, when it will transmit the information to RSU1 directly.
Let p 200 denote the probability that this case happens. Thus, we have
Similar to (21), we can obtain
. Therefore, the delivery delay for node 3 to forward the incident information to RSU1 can be approximately calculated as
Case 2.1: Case 2.1 happens when there is no westbound vehicle within the communication radius of node 1. The probability that case 2.1 happens can be calculated as
This case can be further divided into the following two subcases.
• Case 2.1.0: There is no westbound vehicle within the communication radius of node 2, and there is no westbound vehicle within the communication range of other nodes in the same cluster either, as shown in Fig. 6 . • Case 2.1.1: There is no westbound vehicle within the communication radius of node 2, but there is one or more westbound vehicles within the communication range of a node other than node 2 in the same cluster, as shown in Fig. 7 .
Next, we analyze Cases 2.1.0 and 2.1.1, respectively. Case 2.1.0: In Case 2.1.0, there is no westbound vehicle in the entire coverage of the eastbound cluster, as shown in Fig. 6 . This case happens when the length of the eastbound cluster satisfies the following condition:
and the probability that Case 2.1.0 happens is given by
According to [5] , the average distance between two neighbor eastbound clusters is 
. In this case, node 2 will store and carry the information until it meets a westbound vehicle, when it will forward the information to the westbound vehicle, which will further forward the information to RSU1. Since the westbound vehicle closest to node 2 is at least x + 0.5E[d w c ] away from RSU1, the delivery delay can be approximately calculated as
Case 2.1.1: In Case 2.1.1, there is one or more westbound vehicles within the communication range of a node other than node 2 in the eastbound cluster. Obviously, this case happens with the following probability:
In this case, node 2 will directly transmit the information to a westbound node, which will further forward the information to RSU1. According to [5] , the average length of an eastbound cluster is
Since the closest westbound vehicle to node 2 is at most x + 0.5E[l e ] away from RSU1, the delivery delay can be approximately calculated as
2) Analysis of T RSU2 : The analysis of T RSU2 is similar to the analysis of T S1 in a), which can be found in Appendix A. Thus, we have
Therefore, based on the given analysis of T RSU1 and T RSU2 , we have
In Case 3, the incident occurs within the communication radius of RSU2. After the source node collects the information, it can transmit the incident information to RSU2 directly. Thus, the time it takes for the source node to directly forward the incident information to RSU2 can be ignored. Let f 3 (x) denote the conditional probability density function of the distance
Let T S3 denote the average time that it takes for the source node to deliver the incident information to RSU1.
The analysis of T S3 is similar to that in 1) of b), which can be found in Appendix B. Thus, we have
where its variables are defined in (45) and (46), shown at the bottom of the next page. Therefore, based on the analysis of T S1 , T S2 , and T S3 in a), b), and c), T S can be calculated as follows: 
IV. SIMULATION RESULTS AND DISCUSSION
Here, we verify the correctness and accuracy of the mathematical model derived in Section III through simulation results and investigate the impacts of different parameters on the average delivery delay, respectively, including the communication radius of an RSU (i.e., R u ), the distance between two neighbor RSUs (i.e., d), the intervehicle spacing of eastbound vehicles and westbound vehicles (i.e., λ e and λ w ), and the average speeds of eastbound vehicles and westbound vehicles (i.e., v e and v w ). To perform the simulation experiments, we developed a MATLAB simulator using discrete-event-driven programming. In the simulation experiments, we assume that the location of an incident is uniformly distributed in interval [0, d] , and the transmission radius of a vehicle is 250 m, i.e., R v = 250 m. Each simulation result is an average over 1000 simulations. Fig. 8 shows the impact of the communication radius of an RSU on the average delivery delay. It is seen that the simulation results are very close to the analytical results, which means the mathematical model is correct and accurate. Moreover, the communication radius of an RSU has little impact on the average delivery delay. This is because the incident information is delivered from a vehicle to an RSU and not an RSU to a vehicle; thus, the communication radius of a vehicle has a larger impact on the delivery delay. Therefore, without loss of generality, we assume R u = 250 m in the following simulation experiments.
Figs. 9-11 show the average delivery delay under different traffic arrival rates. Figs. 12-14 show the average delivery delay
where under different vehicle speeds. It is seen that simulation results are very close to the analytical results. On the other hand, the average delivery delay decreases with the increase in the vehicle speed and the increase in the traffic arrival rate, respectively. Moreover, the impact of the vehicle speed on the average delivery delay is much larger than that of the traffic arrival rate. It should be noted that we are considering a sparse vehicle scenario. In this scenario, the traffic arrival rate cannot increase without any limit but is limited to a certain value. According to [5] , no vehicle congestion would occur on the road segment. Therefore, vehicles moving on the road segment can maintain a high speed. The information delivery delay is mainly caused by the store-carry-forward mechanism. Fig. 15 shows the average delivery delay under different distances between two neighbor RSUs. It is seen that the simulation results are very close to the analytical results. Moreover, with an increasing distance between two neighbor RSUs, the average delivery delay decreases. Therefore, the mathematical model can be used to estimate the average delivery delay given a distance between two neighbor RSUs, which can provide a reference basis for RSU deployment in order to meet the delay requirement of some applications.
V. CONCLUSION
In this paper, we have developed a mathematical model for analyzing information delivery delay in a sparse highway scenario where two neighbor RSUs are deployed at a distance without a direct connection and vehicles are sparsely distributed with road condition information randomly generated between the two neighbor RSUs. The mathematical model takes into account the vehicle speed, the vehicle density, the likelihood of an incident, and the deployment distance between two neighbor RSUs. The correctness and accuracy of the model is verified through simulation results. Given an information delivery delay constraint for time-critical applications, this model can be used to estimate the maximum deployment distance allowed between two neighbor RSUs, which can provide a reference for the deployment of RSUs in such scenarios.
APPENDIX A ANALYSIS OF T RSU2
Similar to the analysis of T S1 , we assume that the source node is statistically located in the center of its cluster. As we assumed that the source node is an eastbound vehicle, the forwarding direction of the incident information to RSU2 is the same as the moving direction of the source node. Since the direct transmission delay can be ignored, the incident information can be delivered to the first vehicle in the cluster without any delay. In this case, the first vehicle becomes a forwarding node, which is denoted by node 4, as shown in Fig. 16 . If node 4 is in the communication radius of RSU2, the information can be transmitted to RSU2 directly. Thus, we only need to consider the case where node 4 is out of the communication radius of RSU2. This case happens if the length of the eastbound cluster satisfies the following condition:
Similar to (14) , p 2 2 can be calculated as follows:
where E n e |n e < k
Similarly to the analysis of T RSU1 , this case can further be divided into two subcases.
• 
2 + R v the information will be forwarded to RSU2 by node 4. The probability of this case is given by
. Therefore, the delivery delay can be calculated as 
In this case, the information will be forwarded to RSU2 by node 4. Thus, the delivery delay T 
APPENDIX B ANALYSIS OF T S3
Similar to the analysis of 1) in b), we assume that the source node is statistically located in the center of its cluster, as shown in Fig. 17 . As we assumed that the source node is an eastbound vehicle, the delivery direction of the incident information to RSU1 is opposite to the moving direction of the source node. Since the direct transmission delay is ignored, the incident information can be delivered to the last vehicle in the cluster without any delay. In this case, this vehicle becomes a forwarding node, which is denoted by node 5 in Fig. 17 . If node 5 is in the communication radius of RSU1, the information can be transmitted to RSU1 directly. Thus, we only need to consider the case where node 5 is out of the communication radius of RSU1. This case happens if the length of the eastbound cluster satisfies the following condition: l e /2 − R v < x − R u and the probability that this case happens is given by
Similar to (14) , we can obtain
. Let E 3 denote the conditional expectation of l e /2 under condition l e /2 < x − R u + R v . We can obtain
• Case 3.0: There are one or more westbound vehicles within the coverage of node 5.
• Case 3.1: There is no westbound vehicle in the coverage of node 5. In this case, the first vehicle of the corresponding westbound cluster becomes a forwarding node, which is denoted by node 6, as shown in Fig. 18 . If node 6 is within the communication radius of RSU1, the information can be directly transmitted to RSU1 and the direct transmission delay can be ignored. Thus, we only need to analyze that the case where node 6 is out of the communication range of RSU1, i.e., the length of the westbound cluster satisfies the following condition:
In this case, node 6 will store and carry the information until it enters the communication radius of RSU1, when it will transmit the information to RSU1 directly.
Let p 300 denote the probability that this case happens. Thus, we have
where k 300 = 2(
. Therefore, the delivery delay for node 6 to forward the incident information to RSU1 can be approximately calculated as 
In this case, RSU2 should store and deliver the incident information to the upcoming western vehicles that will forward the incident information to RSU1. Then, the delivery delay can be approximately calculated as follows:
